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(54) Intraoperative myocardial device and stimulation procedure 



(57) A device for use in a method for stimulating 
revascularization of myocardium tissue in the ventricu- 
iar wail cf a human heart is disclosed. The method in- 
cludes the steps of moving the distal end of an optical 
fiber element iorwErdy through the epicardium of the 
heart and into the myocardium and emitting relatively 
Sow power bursts of laser energy from the distal end to 
form stimulus injury 2ones thai promote capillary grov/lh 
and tissue revascularization. Each penetration of the 
optical fiber element may produce multiple .stimulus 
zones spaced radially from or in line with the axis of thf; 
optical fiber element. The device facilitates movement 
of the oplicaltiberetomsni and control of the laser emis- 
sions in a predetermined manner. 
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Description 

This Invention r states to the *lo!d of laser surgary, 
and more particularly to laser surgical methods and ap- 
paratus for increasing or stimulating revascularization 
or angiogenesis of myocardial heart tissua and thus the 
flow of blood to heart muscle. 

Us'ns various surgical techniques, some of which 
have b9cn widely taught, medical science has devel- 
oped several procedures for counteracting the eflects 
of cardiovascular disease including open heart and by- 
pass surcary. 

More recently another alternative form of cardio- 
vascular surgery has been developped which is known 
as Transmyocardiai Revasculization (TMR). General- 
ty. in this TMR procedure, the surgson accesses Ihe pa- 
tient's hnart by either percutaneous means or by en 
cpen incision, then proceeds to utilize a laser apparatus 
for creating a plurality of channels in the myocardial 
muscle tissue that forms a wall of a major heart-chamber 
such as the left ventricle. Clinical tests have shown that 
the creation of a plurality cf channels serves to increase 
flow of blooc" to the myocardial muscle tissue so as to 
establish a new vasculature that enables the heart to 
absorb more oxygen and be revitalized. Various forms 
of TMR procedures are disclosed in prior ait United 
States patents such as Patent Nos. 4.655.BI7 (Hardy). 
5,125.925 (Rudko. et a!) and 5 : 380.316 (Aita. fit al) and 
also more recently in co-pending application 
97301 31 8.2 in the name of the present applicant. All of 
the aforesaid patents and applications disclose a pro- 
cedure which utilizes laser energy that ablates the my- 
ocardial tissue at spaced apart locations to consume it 
in order to form a plurality of channels in the wall of the 
ventricular chamber cf the patient's heart. As blood 
flows into each channel formed a revascularization 
process takas place which supplies additional oxygon 
to the heart muscle tissue and thereby revitalizus it. Al- 
though the beneficial effects of creating such channels 
in the wall of the patient's heart chamber have been es- 
tablished, certain risks involved with such procedures 
have olso been recognized. For example, if too many 
channels are formed during cne procedure, there is a 
risk that a certain patient's heart will react negatively to 
the trauma al tho procedure or become weakened by it 
in some manner. 

The present invention solves the aiorssaid problem 
by providing a methed and apparatus that enablas the 
surgeon to stimulate the myocardium to cause revascu- 
larization rather than abtete the tissue at several loca- 
tions to create channels. Thus, for some patients, the 
stimulation procedure creates a revascularization sflect 
which strengthens the heart's myocardial muscle tissue 
without negative effects thereto. 

Therefore, in a preferred embodiment the invention 
provides an apparatus tor causing transmyocardial 
revascularization by Ktirnulaiing the myocardium with 
less laser power, by creating temporary channels with 



diameters sized so tha channels will close with lima, and 
by creating spaced apart slimulalion zones within the 
myocardium 

The present invention relates to an apparatus for 

» Transmyocardial Revascularization (TMR) procedures 
which provides for stimulating the myocardium of the 
heart muscie rather than creating open channels in it as, 
In prior TMR procedures. Within the context of the 
present invention* the term "stimulating* or •stimulus'* 

w means a TMR procedure wherein channels, zones or 
pockets of lased tissue ars formed in ths myocardium 
which are not open, or do not remain cpen. to tho ven- 
tricular chamber of the heart. Revascularization or ang- 
iogenesis of the lased channels, /ones cr pockets oc- 

'5 curs by means: of introduction of blood bom growth and 
heafing factors and stimulated capillary growth sur- 
rounding the lased zones or pockets ic create an in- 
creasad supply o! oxygen to the tissue and thus a revi- 
lalizalion of the heart muscle. 

20 Revascularization or angiogenesis of the lased 
channels and/or zones win occur in the following ways: 
First, blood born growth and healing factcrs can be 
introduced to the site of stimulus (injury) as blood follows 
a lased or mechanical channel created by a laser fiber. 

2£ The source of new bbod and growth laclc:s may be 
Iram the ventricle or from the surrounding myocardium. 
This combination of laser induced Injury and bleed bom 
healing factors will act together to trigger revasculariza- 
tion. Secondly, the human myocardium displays ale- 

20 ments of certain direct blood pathways similar to thoss 
found in reptilian hearts, in Ihe presant invention these 
pro-existing pathways can be intcr-conncctcd by using 
stimulus and laeing pockets in the myocardium. The 
overall effect is to increase the opportunities for capillary 

•*s beds to become interconnected. Development of collat- 
eral coronary vessels is wail documented in coronary 
literal ure. Tills can be viewsc! as an enhanced means 
tor promoting new vessel growth. Lastly, the coronary 
muscle may be previous! / injured, thereby creating an- 

40 cina pain for the patient due to the net balance of blood 
flow and conditions left by a prior heart injury. By stim- 
ulatinq the heart, a new eel of injuries (stimulus) is cre- 
ated which triggers a new healing response; in effect, 
re-injuring the myocardium ;n a controlled manner and 

*s reinitiating the healing process. The healing response 
is accompanied by increased biood flow from one of the 
first two methods outlined. The healing with stimulus oc- 
curs with or without the long term patent or open chan- 
nels and blood supply via a continuous TMR channel 

so from the ventricle. 

Thus, embodiments of Ihs apparatus of the inven- 
tion may be used in a method for stimulating revascu- 
larization of myocardium tissue in the ventricular wall of 
a human heart comprising the steps of: 

ss 

providing optical fiber means having at least one 
distal end and at least one proximal end connected 
to a source of laser energy; 
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moving the optica! fiber means tonvarcily through 
the epicardium of Ihe heart and into Ihe myr>car- 
dium; 

emitting laser energy from said distal end to form at 
least one stimulus injury within the myocardium of 
the heart to promote capillary growth and revascu- 
larization therein. 

For instance, thia step of providing optical fiber 
means includes providing a single optical fiber having a 
distal cr.d shaped ro emit laser enenjy in ai least one 
radial direction relative to an axis of the optical fiber 
means; the step o1 moving the optica! fiber means fcr- 
warciy rruy then include tfia step of Incrementally ad- 
vancing the floor maanr.. 

The step of emitting laser energy rnay include the 
step oi emitting 'assr energy when the fiber means is 
stationary. 

Preferably the step oi emitting laser energy includes 
formation of one or more pockets in the myocardium 
connecter? by temporary channels. 

The step oi emitting laser energy may include emit- 
ting \asot energy at a first energy level to create at least 
one temporary channel and emitting laser energy at a 
second energy lave! to creala at toast one pocket. 

As an dteinatjVe to a single optical fiber, the optical 
fiber means may include a plurality of parallel, spaced 
apart liber probes each having a distal tip shaped to emit 
laser energy radially or in a generally axial direction. 

in one embodiment, the optical fiber means in- 
cludes a central optical fiber surrounded by a plurality 
cl parallel optical fibers each having a diameter smaller 
than said centra! fiber. Preferably the step of emitting 
laser energy from said centra! optical fiber takes place 
as said fiber means is moved forwardly in the myocar- 
dium to form a temporary channel* erein and then laser 
energy is omitted from said plurality of outer fibers to 
form an ablatBd pocket in the myocardium. In a pre- 
ferred embodiment the central optical fiber is connected 
to a Holmium HO:YAG laser source and said outer fibers 
are connected to an Argon Nd:YAG laser source. 

Embodiments of the apparatus of the invention may 
be used in a method involving the step of mechanically 
piercing the epicardium to provide an opening for the 
optical titer moans to pass through into the myocar- 
dium. 

Embodtments of the apparatus ot the invention may 
be used in a preferred method for stimulating revascu- 
larisation of myocardium tissue in the ventricle wall ol a 
human heart comprising the steps ot 

providing an optical fiber means having a distal end 
and a proximal end connected to a source of laser 
energy: 

moving said fiber means forwardly through the ep- 
icardium oi the heart and positioning said distal end 
al a first position within the myocardium: 
emitting a burst of relatively low level of laser energy 



from said distal end in a radial direction trom the 
longitudinal axis ot the fiber means and lor a limited 
distance tolorm at least one zona of partially ablai- 
ed tissue within the myocardium which stimulates 

5 capillary growth and revascularization therein; 

moving said fiber means from said first position to 
b second position and emitting another burst of rel- 
atively low level laser energy to form an additional 
zone of ablated tissue within the tissue; and 

n> withdrawing said optica! fiber means from the heart 
and moving it laterally to another location to facili- 
tate a repetition of the method steps. 

The optical fiber means may be a single strand with 
is a tapered distal tip. Alternatively, the optical fiber means 
may comprise a plurality of optica! fiber strands that are 
bundled together including a central strand surrounded 
by two or more additional strands. 

In some embodiments, the optical fiber means corn- 
so pnscs a plurality oi optical fiber strands which arc axia! Sy 
parallel and spaced apart and extend a preselected 
fixed distance trom a stop member. 

In particularly preferred methods said fiber means 
may be moved forwardly in small increments and 
£5 stopped at each increment ol movement as laser energy 
is simultaneously emitted from its distal tip to fonn a pat- 
tern of stimulus pockets within the myocardium. For ex- 
amp(e, the fiber means may first be rnevsri forwardly a 
preselected distance into the myocardium, then is 
so moved rearwardly in small increments and stopped at 
each increment of movement as laser energy is emitted 
Irom its distal tip to form a pattern of sl ; mu!us pockets 
wilhin the myocardium. 

One preferred source of laser power for use in soma 
embodiments ot the invention is derived from a Hot- 
mium:YAG laser having a wavelength range of approx- 
tmal3ly 1.8 to 2.2 urn and power level range of approx- 
imately 0.6 J to 1.65 J. For axample. the lassr power 
level may be varied from around 0.6 J to 1 .65 J at incre- 
ments ot axial movement of said tibei means to create 
stimulation pockets in the myocardium. 

Preterred embodiments of the apparatus of the in- 
vention permit the first position ol said optica! fiber 
means to be axtally aligned with said second position 
and laser energy to be reflected radially trom the distal 
end ot said optica! fiber means. Alternatively the first 
position of said optical fiber means may be angular iy dis- 
placsd from said second position of said optical fiber 
means. 

so According to the invention there is provided a de- 
vice for revascularization of the myocardium tissue in 
the ventricle wall ot a human heart, comprising: 

a body member; 
- a neck member connected to said body member, 
a flared stop member on the distal end of said neck 

msrr.be n 

an optical fiber means having a distal tip and a prox- 
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imal end connectable lo 3 source of laser energy, 
satd fiber means extending through said body mem- 
ber, said neck mombor and said slcp member: 

- means on said body member for moving said fiber 
means axialiy by increments to stop and position s 
said distai tip at preselected positions relatrvs to 
said stop member; and 

- moans for triggering the source ot laser energy at 
each sa!d position ot said distal tip to thereby create 

a zone of partially ablated tissue in the myocardium *o 
that sttmu J a!es revascularization of the tissue. 

Prfcfen a d features of (he device are sat out in the 
.appended claims. 

In one embodiment o? the invention, an optical fiber '5 
having a tapered distal tip is forced through the eoicar- 
dium of the ventricular wall and into the myocardium. 
Once into foe myocardium tissue, laser energy is emit* 
ted from the distal tip of the optical fiber radially outward- 
ly si pn angle trcm the longitudinal auis oi the tibcr cic- 20 
mant. 

!n another embodiment, a device with multiple, nar- 
row optical fibers is used to crests a relatively denso 
pattern of stimulation channels. In a third modification, 
the epicardium may be pierced with a tapered needle zs 
for introduction therethrough of s flat ended fiber. Addi* 
tionally, access through the epicardium may be made 
through a single hole and a laser liber tip rray be angled 
in different directions to crsate several stimulation sites. 

During a typical TMR stimulus procedure according so 
to the invention trie distal tip of an optical fiber element 
is moved axialiy in increments to various depths within 
the myocardium. At each incremental depth, the distai 
tip may also be rotated as a laser pulse is emitted radi- 
ally oulwardiy trom the axis cf the optical fiber. Depend- ss 
frg on the configuration of the distal tip the laser energy 
may bo projected In a plurality of different directions from 
the fiber axis. During this procedure, the laser energy is 
et a relatively low level that limits its travel distance with- 
in and the amount of ablation of the myocardial tissue. 40 
Each beam or burst ol laser energy from the distal tip of 
the fiber creates a partially ablated pocket or zone 
wherein angiogenesis can occur due to capillary action 
wanin the pocket. Thus, for oach penetration 0? the fiber 
element within the myocardium a pattern ot stimulus «5 
pockets or zones are created in the lissua surrounding 
the ftoer element Alternatively, stimulation may be cre- 
ated by alternating high and low power pulses to predis- 
posed channels that do not remain patent In a typical 
TMR stimulus procedure a plurality of stimulus penetra- so 
tions (e.g. 20-40) in the heart wall are made at spaced 
apart locations and each penetration may produce 
1 0-20 temporary channels, pockets or zones at various 
depths and at different locations around the optical fiber 
axis. Yet, in accordance with the invention the distal tip ss 
oi the optica! fiber need net penetrate through the en- 
docardium into the ventricular chamber, although such 
penetration is not excluded. 



One example of the device according to the inven- 
tion, for controlling Lhe penetration dsplh and direction 
ol the laser anargy comprises a hand-held instrument 
controlled by the surgeon. Within 3 body portion cf the 
device a shuttle grips the fiber element to tacSitate its 
fcsrward and backward movement in increments. Using 
the device the surgeon can advance the fiber element 
Incrementally within the myocardium as laser bursts are 
triggered at intervals to create stimulus zones. The full 
axial travel of the fiber element can bo preset to limit 
such travel to an amount less than the thickness of the 
myocardium, In accordance with the invention the hand- 
he Id instrument may control the axial movament of a fib- 
er element by mechanical or electrical means. 

Other objects, advantages and features of the in- 
vention will become apparent from the following detailed 
description of embodiments, presented in conjunction 
with the accompanying drawings of which: 

Fig. 1 is a diagrammatic view ol a heart, partly in 
section, and showing a device for performing 3 stimulus 
type of TMR procedure according to the invention. 

Figs. 2A-2C are a series of enlarged views in sec- 
tion showing a ponton of a ventricular wall of a hoan as 
it progressively undergoes a stimulus TMR procedure 
according to the invention. 

Fig. 2A' and £B' are views in section showing the 
pattern c\ stimulated zones created by the device as 
shown in Figs. 2A and 2B. 

Figs 3A-3E are end views of various forms of optical 
fiber tips used with a stimulus device according to the 
invention. 

Figs. 3A'-3E' arc fragmentary views in elevation of 
the optical fiber tips shown in Pigs. 3A-3E. 

Fig. 3r is a view in elevation of the distal end of a 
composita fiber element 

Fig. SP is sn end view of The fiber element of Fig. 3F. 

Pig. 3F" Is a view In elevation showing the distal end 
01 the composite fiber element of Fig. 3F as h appears 
after forming stimulus zones interconnected ty smaller 
channels within the myocardium. 

Fig. 4 is a view in perspective showing a stimulus 
device embodying principles of the present invention. 

Fig. 5 is an enlarged fragmentary view in elevation 
showing a forward portion ot the device shown in Fig. 4. 

Fig. S is a further enlarged view in elevation and in 
section tor the device of Fig. 4. 

Fig. 7 is an eniargad view in elevation and in section 
similar to Fig. 6, but showing the device of Fig. 4 in an 
alternate operating mode. 

Fig. B is a view in perspective of an alternate form 
of TMR stimulus device according to the invention. 

Fig. 9 is a fragmentary view in elevation and in sec- 
lion showing interna! components of the device of Fig. S. 

Fig. 10 is an enlarged fragmentary view in elevation 
of the distal end of a multi-fiber element for a stimulus 
device embody inp principles ol the invention. 

Fig. 11 is an end view of the multi -fiber element ot 
Fig. 10 taken along line Tl-n thereof. 
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Fig. l2Ais an enlarged diagrammatic view showing 
ti sec Lien of myocardium after stimulus treatment by the 
multi-fiber ol&ment of Fig. 10. 

Fig. 128 is a view in section taken along the line 
12B-l2Bof Fig. 12 A, 

Fig. 1 3 is diagrammatic view in elevation of a portion 
of a heart wall showing a single fiber element for creating 
stimulus zones according to the tnvmrfion. 

Fig. 14 Is a diagrammatic view 6imi!ar to Fig. 13 
showing stimulus zones of various sl2es just after being 
formes in the myocardium by using laser bursts at dif- 
ferent power levels. 

Fig. 15 is a diagrammatic view similar to Fig. 14 
showrng how the stimulus £ones in ihe myocardium in- 
dicate a regenesis si capillary tissua alter an o lapse of 
time from the stimulus procedure. 

With reference to tho drewing,-Fig. i dlagrammali- 
cally depicts a cross-section of a human heart 10 with 
the epicardium 12 of the outer wall of the lefi ventricle 
14 exposed so thai a stimulus type of Transmyocardial 
Revascularization (TMR) procedure according to the in- 
vention can be performed. Preliminary to the procedure 
the surgeon makes an incision era port In \ho patient's 
chest to access or expose the outer wall (GpicarUium) 
of the heart's left ventne/s. In a human heart, the wall ol 
the left venlricln is comprised of oulsr layer or epi- 
cardium 12. the main muscle thickness or myocardium 
13, and the inner teyer or endocardium 1S. The epicar- 
dium is comprisec of a anooth, moist serous membrane 
which is sornewhai tougher than the other tissue layers 
of Ihe heart muscle. 

in carrying out the method of the present invention, 
the surgeon may utilize a hard-held device 16 which is 
m c * nipulaled ann operand to make 3 series of penetra- 
tions through the epicardium and into the myocardium 
ot me patient's heart at selected spaced apart locations 
iolorm a multiplicity of stimulus zones 17. tn this entire 
stirnulu s procedure there is no need to penetrate the en- 
docardi urn layer into the ventricle cavity of the heart, al- 
though such penetration is not excluded. 

In accordance with the principles of the invention, 
each penetration of the heart well is made by piercing 
the epicardium membrane 12 with the distal end 18 of 
an optical fibor element 20, or by lasing through the 
membrane form a relatively small opening or slit. 
Thereafter, the optical fiber can be moved with axial 
force by hand, or by any hand held device such as de- 
vice 16 which can advance or reverse the fiber element 
by meansol a movable control member 22 on the device 
'i6 when operated by the surgeon. The optical fiber el- 
ement is connected to a laser energy source 23 at its 
proximal end. Once through the epicardium opening 
and into the myocardium, laser energy is emitted from 
the distal tip 16 of the fiber element as h is moved for- 
xvardly incrementally through the myocardium to a 
preselected distance Ircm the endocardium. As the dis- 
tal end 1C ol the optical fiber is moved to each incre- 
mental depth., it pauses momentarily while energy is 



amilted from it in a plurality ot radial directions from tha 
;ixis of the fiber. Each ray or segment o! the laser energy 
emitted rx&ites a partially ablated stimulus zone 17 to 
Increase vascular rsgenesis in the myocardium tissue, 
s After each penetration has been accomplished to form 
a plurality o1 stimulus lonss. the distal end of the fiber 
bundle is retracted ic a position within an enlarged stop 
member 2A at lie outer endol the device 16 which can 
!hen be moved to another location to repeal the proce- 
dure. When the distal end 1 S of the optical fiber element 
£0 is removed, the relatively small opening in We epi- 
cardium substantially closes due to the tissue resiliency, 
thereby minimizing any blood flow from the original pen- 
etration. 

As shown in the embodiments of Figs. 1-9, the op- 
tical fiber 20 is a single strand preferably having a diam- 
eter c* .5 mm tc 2 mm. Other embodiments for accom- 
plishing stimulus procedures using multi-strand optical 
fiber elements will be described below relative to Figs. 
11 and 13. In accordance wiih principles ol the invention, 
tha distal end 18 ol the single optical fiber 20 may be 
tapered to a sharp tip to facilitate its passage through 
tissue ol the heart by first mechanically penetrating the 
epicardium membrane and then moving by increments 
into the myocardium. Alternately, laser energy may be 
used to penistrale the epicardium. 

The sharp distal tip 18 on the optical fiber 20 may 
be formed in different configurations, as shown in Ftps. 
3A to 3E. by polishing its distal end 1 6 with conventional 
apparatus welt known to those skilled in the art. For each 
tip configuration the direction and/or dispersion of the 
laser beam from the longitudinal axis of the optical liber 
is different. In Figs. 3A and 3A\ an optical fiber 20A has 
a distal tip 18A that is beveled to form a single end face 
'12 which is in a plane that cuts across the optical fiber 
axis at a preselected angle. 8.g.45'-6G°. Here, the laser 
beam (indicated by the dotted line) hits the end face 19 
and is deflected inwardly from the fiber axis in a single 
beam at an angle that is 75°- 90° to the end face. 

Figs. 3B and 33' show a single optical fiber 20B with 
a wedge shaped distal lip 1 Sa formed by two facets 1 9a 
that are in planes that intersect the fiber axis at equal 
angles so that the wedge shaped lip subtends an angle 
of around 60°-7S°. Here, laser energy is inwardly reflect- 
ed from each of the two facets to opposite sides of the 
optical fiber 20a as indicated by dotted lines. 

Figs. 3C and 3C show a distal tip 16c having three 
equal facets 19C, and Figs. 3D and 3D' show a distal 
lip 16C having lour equal facets 19D. In each case, the 
facets of the embodiments preferably intersect the fiber 
axis at the same angle (e.g. 45°-60°) and therefore have 
the same area and shape. The distal lip 18c with three 
facets cause laser energy to be directed inwardly and 
radially from the fiber axis in three substantially equally 
spaced ap3rt directions and distal tip 1Bd with tour tac- 
ets causes laser paths in lour radial directions. 

In the embodiment of F ; cs. 3E and 3E*. a conical 
distal lip 1 8£ is provided which dispenses Laser energy 
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iadiafly from the fiber axis in n 360* array and at a re- 
fleclive angle from the En ale of taper which may be from 
45C-SQ0 wrih respect to the tor axis. 

From the lording it is seen that depending on the 
selection of the distal tip for the axially movable optical 
fiber a preselected pattern of laser energy can be emit- 
ted from Ihe distal tip into the myocardium tissue sur- 
rounding the optical fiber. As illustrated in Figs. 2A-2C : 
the optical fiber element 20 which may have any tip con- 
figuration as shown in Figs 3A-3E, is mcved by Incre- 
ment:; through the myocardium 13 to various depths 
within the tissue, but does not needto go through the 
endocardium 1 5 into the ventricular chamber. As shown 
in Fig. 2 A. a tubular neck portion 26 til rough which the 
optical fiber element 20 is slldably retained is first posi- 
tioned adjacent a target area on the outer surface of the 
heart. With the stop member 24 acjainct the outer sur- 
face, the fiber element is advanced forwardly through 
the epicardium. After penetrating the epicarriium and 
reaching the myocardium, a burst of laser energy is in- 
itiates to cr.use me distal end 1B ol the optical fiber 20 
to disperse the energy radially in different directions de- 
pending on the distal tip configurations, if a single facet 
or wedge 6haped doubie facet configuration is used, the 
optical fiber can ba rotated a prase'ecied amount at the 
same level to increase the number of radial stimulus 
paths. The optical fiber element is advanced in short in- 
tervals foilowad by a buret of laser energy from its distal 
tip. as shown in Fig. 2B. Every laser beam segment 
which is reflected from a dista? tip facet forms a limited 
path through the myocardial tissue, partially ablating the 
tissue creating a pattern of zones or pockets 17 as 
*hown in Figs. 2A' and 2B' wherein revascularization is 
stimulated by an increased capillary stimulus. The result 
is a regenesis of recxygenated tissue that increases 
strength 3nd vte'iry In »*ha myocardium., the majcr heart 
muscle tissue. 

Summarizing :ho action of the optical fiber element 
20 during a hear! rm:sc!e stimulus procedure acceding 
to the present invention, ihe tapered distal tip 1B is first 
positioned adjacent to the ^p'cardium of tne patient's 
heart. Tne optical liber ; s then moved forward to pene- 
trate through the epicsrdiunr or laser energy is used to 
penetrate and enter the myocaidia! tissue. At this initial 
depth, a burst of energy is triggered and is emitted from 
the distal tip into the myocardial tissue at radially spaced 
apart locations. The fiber eiement may be rotated to in- 
crease the number of stimulus zones prior to another 
burst ol laser energy. Thereafter, the fiber etemeni is 
moved forwa^Iy to another depth where another burst 
of laser energy is irispered. The advance, firing and ro- 
tation steps are repeated until the desired number of 
stimulus zones are formed in the myocardium (See Fig. 
2S). When the distal tip of the optical fiber reaches a 
predetermined depth it is withdrawn from the heart mus- 
cle wall, as shown tn Fig. 2C, and moved laterally to an- 
other location. As the distal tip is withdrawn from the ep- 
icardium. only a small opening remains which tends to 



close by virtue of tissue resilience so that tittle if any 
bleeding occurs. 

The laser energy used in ihe stimulus procedures 
according to the present invention may be provided by 
s a variety of laser systems. A preferred system is a Hol- 
mium:YAG laser having a wavelength range of approx- 
imately 1.6 to 2.2 urn. 

In another form cf the invention, a composite optical 
fiber element 20F may be used which is comprbsd ol a 

w bundle ol fiber strands. As shown In Figs. 3F and 3F ( 
the composite element 20F has a larger central strand 
21 having a diameter of around 0.5 mm which is sur- 
rounded by a plurality (e.g. 6) of smaller strands 23 each 
having a diameter ol around 0.2 mm. Here. Ihe laser 

T5 system, such as n low power HO: YAG laser of 0.6 J or 
isss, operates at 10 Hz at a single wavelength but with 
two power level settings. The first power level with less 
ablating power, approximately 0.3 J, is delivered 
through the central strand 21 for approximately two puls- 

20 cs to create a narrow stimulation channel 25 having a 
diameter sized to form a temporary channel. The laser 
is preprogrammed to automatically deliver from the out- 
er ring of fiber strands 23 a second power level with 
greater ablating power, approximately 1.2 to 1.65 J, or 

& mere, for approximately two pulses to create the stimu- 
lation pocket 27. Thus, as shown in Fig. 3F # , a series of 
pockets 27 interconnected by narrow channels 25 are 
created during one penetration procedure. 

Alternately, the fiber optic element may be ad- 

so vanced by hand to a selected depth in the myocardium 
and alternating low and high power energy may be ac- 
tivated during retraction. It will be recognized by those 
skilled in the art that other lasers and laser delivery 
means may be used to create the pockets 27 and lem- 

55 porary channels 25, including laser systems having two 
different lasers. For example, an argon or Nd:YAG laser 
may be used for the outer, smaller strands 23, and a 
HO: YAG laser (or the central strand 21. Pulses of these 
lasers can be programmed to alternatively deliver laser 

4& energy from the two lasers to form the stimulus pockets 
as shown. 

The hand-held device 16 for controlling the afore- 
said incremental advancement and laser fifing cf the op- 
tical fiber element to produce myocardium stimulation 

*f will now be described in greater detail. In the embodi- 
ment of Figs. 4-7, the advancement device 16 is me- 
chanically operated. A power operated device I6A is 
shown in Figs. 9-9. 

The mechanical advancement device shown in 

so Figs. 4-7 includes a generally pistol shaped housing 30 
having a handle portion 32. a top aperture 34, front and 
rear apertures 36 and 38, respectively, and an operating 
lever 40. The neck portion 26 of the device 16 serves 
as a carrier tube for the axially movable optical fiber el- 

ss ement 20. It has the stop mer.iber 24 at its outer end, 
and at its inner end is shall portion 42 with a series ol 
spaced apart circular grooves 44. As shown in Fig. 5. a 
tube locking member 46 is pivotally mounted by a pin 
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48 on the housing 3C and has a dog member 50 spaced 
jcrwardly frorr Ihe pin. Al Ihe clher end of Ihe lube lock- 
ing member 46 is a spring 52 which urges the dog mem- 
ber 50 into kicking engagement with a selected groove 
44 cn the tuae shaft 42. Release of the be king member 
46 for the laser carrier tube 26 is accomplished by thumb 
pressure on the locking member above the spring. The 
laser tube 25 is movably mounted in a bore support 
channel (not 6hown) in the interior of the housing 50, so 
when the locking member 46 is disengaged, the tube 26 
can be adjusted axially. The carrier tube's axial position 
controls the length of the optical laser fiber 20 that is 
exposed or the distance W D" of the dis*a! tip 18 from the 
slop 24. This distance "D" ol liber exposure trom the 
stop 24 corresponds to measurements of the thiexnass 
of the myocardium and the desired depth of stimulation 
fiber element into the myocardium. Generally, this dis- 
tance 'D" varies between approximately 0 to 3 cm and 
is set by first depressing the locking member 46 to re- 
lease it and then moving the tube 26 the desired dis- 
tance. 

Referring now to Figs. 6-7. the means f cr controiiing 
the forward and backward axial movement of the optical 
fiber member 20 will bs described. Within the housing 
30 a toggle mechanism 50 is provided which is rotatably 
mounted on a pin 52 and includes a camming m&nbar 
54. The toggle can be moved to one of two positions to 
determine the direction of movement of a reciprocating 
rack housing 56 which is fixed to the liber element 20 
which extends through ihe housing 50 from ihe laser 
power source. The rack housing has an opening 58 with 
an upper rack 60 of gear teeth and .a lower rack 62 of 
similar gaar teeth. Operatively associated with the rack 
assembiy is a circular gear or one way ratchet wheel S4 
fixed to the prvot end of the lever 40. The lever 40 and 
the rachet v^tieel 64 aro supported on an axle 65 fixed 
to the housing. Thus, it is senn that the fiber element 20 
moves with the direction of movement of the rack hous- 
ing 55. Pressing the isvfer 40 in the direction of the arrow 
in Fig. 4 when the toggle control 50 h in the position 
shown :n Fig. 6, causes advancement cf the fiber ele- 
ment 20 from the distal tip by engagement of the one 
way rachat whso! 64 and gsar rack 62 so that the rack 
housing moves in Ihe forward direction "F\ Movement 
ol the toggle 50 to the reverse position shown in Fig. 7 
causes the camming portion 54 to press downwardly on 
the rack housing 56 thereby forcing it downwardly 
against compression springs 68. The one way rachet 
wheel 64 now is engaged with the upper gear rack 60 
to drive the rack in the reverse direction *R\ The com- 
pression 6piings 68 maintain the position of the rack-as- 
sembly within the housing 30. An optional laser firing 
button 70 may bo provided on the housing handle 32 or 
the surgeon may control laser firing by a conventional 
foot switch. The advancement device components such 
as the housing, control level, rachet, etc. prelerably may 
be molded from a duraole plastic material such as poly- 
carbonate or ABS. 



The procedure for using the incremental laser ad- 
vancement device 16 may be described as toltows. Fit si 
the carrier tube is eel so that the distal tip of the fiber 
element extends the maximum distance "D" from the 

s iace of stop 24. Distance "D" is determined as the thick- 
ness of myocardium less a certain amount In order to 
assure that distal Up 18 win not puncture endocardium 
and emit laser energy into the left ventricular cavity. 
Now, the locking lover 46 is set cn the tube by inserting 

ro Ms ctog 50 In a groove 44 of tube. Fiber is retracted lo 
the starting point using the rachrrt housing 55. The de- 
vice slop 24 is placed against outer heart wall. At this 
point either the distai tip 18 makes an immediate pene- 
iration through Ihe epicardium or an initial forward 

is movement using the advancing lever 40 moves the dis- 
tal tip Ho the myocardium. Ihe surgeon now fires laser 
!o create stimulus zonas. The surgeon then advances 
ihe fibsr 20 in small increments firing the iassr at each 
increment using a foot switch or the like to control the 

so laser. 

As an alternative procedure, the surgeon can move 
the distal lip the full preset distance through the myo- 
cardium. Then, putting the rack housing 56 rachet wheel 
54 in the reverse moda, using the toggle 50, the distal 
25 tip 1 8 is retracted in increments as the laser is fired at 
esch increment to create the desired stimulus pattern. 

As shewn in Figs. 8-9, an advancement device 16A 
may be electrically driven, for example, by a DC gear 
motor 72 which is powered Dy a battery 74 and control- 
so led by a forward and reverse button switch 76 and 77. 
Here, the output shaft of the motor 72 is connected to a 
gear 78 that drives a rashed year B0 connected to a 
isad acrew 82 having a helical grove 84. The lead screw 
B2 extends through a bore 85 in a movable carriage B3 
*s which is tixed to the fiber element 20. Within ihe base, 
the screw engages a follower 90 which is attached to 
the carriage. Thus, it is seen that rotation of the lead 
screw 82 drives the carriage and the fiber element back 
and forth. Fixed to one end of the lead screw is a cam 
<o 92 which engages and actuates a limit switch 94 for fir- 
ing the laser at preset increments ol advancement and 
retraction. The limit switch 94 may also be designed or 
wired to fire on advancement or retraction only. As 
shown in Fig. 8, the device 16A may also be provided 
with a earner lube 26 A having a flared stop member 24 A 
at its outer end as shown on the device 16. In use, the 
distal tip 18 of the fiber element is positioned within the 
stop member during the initial contact with the epicar- 
dium ol the heart during each stimulus procedure. 
so As an alternative embodiment of the invention to the 
single strand or bundle version previously described, an 
optical fiber element may be provided which has a plu- 
rality of spaced apart strands. As shown in Fig. 10, an 
optical fiber element 20B has tour relatively smaller op- 
ss tical fibsr slrands 96 which project outwardly like an ax- 
ially parallel, spaced apart group ol pronns trom a trans- 
verse stop member 246 at the distal end of the fiber el- 
ement 20B. Each of these smaller fiber strands 96 has 
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s diameter of around 0. ; to 0.5 mm and their distal tps 
1 S3 may he hlunl or beveled. The length ot these optical 
profile stands is roughiy the estfmntsd thickness of 
the myocardium, e. g. 1 .5 io 3.0 cm and despita their rel- 
eiWey small diameter *hese prong-like elements are s 
quite rigid. Inwardly from the stop member 243 the 
smaller fiber strands 96 ere preferably held together by 
sufcaole potting compound 98 which is surrounded by a 
plastic sheath 100. 

During a typical myocardial stimulus procedure us- "> 
mg the fiber element 20B. the fiber element is pushed 
against the outer wall of the heart ventricle until the distal 
tips 1 SB of the spaced apart projecting strands 96 pen- 
etrate through the epicurdium into the myocardium. Al- 
ternatively, laser energy nrwy be used to penetrate the T5 
©picardium. As with previous embodiments, laser power 
is triggered to emit laser energy from the distal tips of 
the strands attBr they are moved toward in increments 
to form stimulus pockets 1 02 beyond each distal tip with- 
in the myocardium tissue. As laser energy is emitted so 
from the distal end of each fiber strand 95, following 
ssch interval or penetration, a pattern of stimulus pock- 
ets 102 te creator! within the myocardium 13 as shown 
in Rgs. l2Aand 12B. Alternatively, the relatively narrow 
fibars of this embodiment may ba ussd to create narrow 2? 
temporary channels preferably less than 0.5 mm in di- 
ameter. 

In another modified form of the invention, a single 
optical fiber element 20C having a diameter of around 
0.5 mm is used. Here, as shown in Figs. 1 5 and 14, the so 
smaller Tiber element which has a blunt or beveled distal 
lip 1EC is placed against the ventricle wall of the heart. 
Here, the fiber element 20C preferably extends through 
a tubular carrier tube 25C having a flared stop member 
24C st its distal end which is provided with a hollow ss 
piercing member 104. The piercing member forms a 
small opening 103 in the epicardium membrane before 
the fibei element is advanced :! trough the piercing mem- 
ber into the myocardium 1 3. Once into the myocardium 
tissue, laser energy cf relatively low power, 0.6 J, k <o 
transmitted through the distal tip to create a small con- 
necting, temporary channel 05. Thereafter, a burst of la- 
ser energy of increased power (e.g. 1.2-1.65 J) is trig- 
gered from the distal lip of the fiber element to form a 
largor stimulus pocket 106 (Fig. 14). As the dinta! tip of 
the fiber element moves forward and pauses, it emits 
aflemsting bursts of tow power and high power lasar en- 
ergy thereby torming a series of spaced apart stimulus 
pockets 106 of partially abialeri tissue connected by nar- 
' row channels in the myocardium. After the distn! tip has so 
moved to a position near the endocardium, the fiber el- 
ement 20C is retracted and then moved laterally to an 
adjacent position to repeat the process. 

Atler a period of time following the procedure illus- 
trated in Fig. 14, the myocardium tissue naturally regen- ss 
erates as shown m Fig. 15. The opening 103 in the op- 
icardium hests ovar and closes as do the narrow chan- 
nels 105. leaving the spaced apart zones 105 wherein 



regenesis of the capillary system occurs to revitalize the 
heart muscle. 

To those skilled in the art to which this invention re- 
lates, many changes in construction and widely differing 
embodiments and applications of the invention wS! 
make themselves known without departing from the 
spirit and scope of the invention. The disclosur e and the 
description herein ore purely illustrative and ere not in- 
tendod to be in any sense limiting. 



Claims 

1. . A device for revascularization of ihe myocardium 
tissue in the ventricle wall of a human heart, com- 
prising: 

a body member; 

- a neck member connected to said body mem- 
ber: 

- a fiared stop member on the distal end ol said 
neck member; 

• an optical fiber means having a distal tip and a 
p.oximal end connectable to a source of laser 
energy, said fiber means extending through 
sa'd body member, said neck member and said 
stop member; 

• means on said ocdy member for moving said 
fiber means axiady by Increments to slop and 
position said distal tip at preselected positions 
relative to said stop member; and 

means tor triggering the source of laser energy 
at each said position of said distal tip to thereby 
create a zone of partially ablated tissue in the 
myocardium that stimulates revascularization 
of the tissue. 

2. The device according to claim 1 wherein said distal 
tip of the fiber means is tapered and pointed. 

3. The device according to claim 2 wherein said dstal " 
tip of the fiber means has at least one outer surface 
that ties in a plane that forms an oblique angle with 
the axis of said fiber moans, tor deflecting the laser 
beam transmitted with said fiber means radially out- 
wardly from its axis. 

4. The device according to claim 2 wherein said distal 
lip of said liber means has a plurality of ouler sur- 
faces, eRch surface being in a plane forming a ob- 
lique angle with the axis of said fiber means, where- 
by multiple laser beams are deflects radially out- 
wardly from the axis of said fiber beams. 

5. The device according to claim 1 wherein said distal 
tip ot said fiber means comprises a plurality ot par- 
allel, spaced apart optical fiber prongs. 
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6. The device according to claim 5 wherein said optical 
fiber prongs each have a diameter of around 0.1 lo 
0.5 mm and a length of around 1 .5 to 3.0 cm. 

7. The device according to claim 1 wherein said optica! » 
fiber means & omprises a central optical fiber sur- 
rounding by a plurality of outer optical fibers having 

a smaller diammer than aaid central optical fioer. 

e. Tha device according to daim 7 wherein said cen- to 
tral optical fiber has a diameter of around 0.6 mm 
and said cuter fibers have a diameter of around 0.2 

mm. 

9. The device according to daim 7 or 8 wherein said f£ 
centra! optical fiber has a proximal end connected 

to en Argon Nd:YAG laser and said outer optical fib- 
ers are connected to a Hclmium KO:YAG laser. 

10. The device according to any one ot claims 7 to 9 20 
wherein said central and outer optical fibers all have 
Hat, non-iapered end laces which are perpendicular 

to tha fiber axis. 

11. The device according to any one of the preceding Z£ 
claims including a hollow piercing means connect- 
ed to said step member, said optica! fiber means 
being movable axially through said piercing means. 

12. The device according to claim 11 wherein said op- 20 
tica! fiber means has its proximal end connected to 

a laser energy source Which is operable at different, 
selectable power levels. 

13. The device according to any one of the preceding ss 
claims including means lor adjusting the extension 

ot said neck member from said body member. 

14. The device according to any one of the preceding 
claims wherein said neck member has a proximal *Q 
end portion slidably connected within a frontal ep- 
erture of said body member, said proximal end por- 
tion having a series of spaced apart circular 
grooves, and neck adjustment means attached to 
said body member having a locking means adapted 

to fit within a selected said groove to thereby retain 
said stop member at a preselected initial distance 
from (he distal end ot said optical fiber means. 

15. The device according to claim 1 4 wherein said neck so 
adjustment means comprises a latch member piv- 
otaOy attached to said body member said latch 
member having a locking end projection at its cuter 
end that fits in a selected groove, and a thumb ac- 
tuated inner end portion connected to spring means bs 
tor urging said and projection into engagement with- 
in the selected groove. 



16. The device according to any one of the preceding 
claims wherein said means lor moving said fiber 
means axially comprises a shuttle having first a sec- 
ond spaced apart internal gear racks, a driving gear 
between said gear racks and connected lo an op- 
erating handle, and means tor urging said driving 
gear rnto engagement with said first gear rack to 
move said fiber means forwardly, and control 
means tor alternatively moving said driving gear in- 
to engagement with said second gear rack for mov- 
ing said fiber means rearwardly. 

17. The device according to daim 16 wherein said 
means lor urging includes a series cf springs ex- 
tending between an interior portion of said body 
member and said shuttle. 

1 8. The device according to claim 16 or 1 7 wherein said 
control means includes a pivotal member having a 
cam portion adapted to bear against and move said 
shuttle against said springs so that said driving gear 
engages said second gear rack. 

1 9. The device according to any one of the preceding 
claims including electrical power means lor moving 
s*id fiber means axially. either forwardly or rear- 
wardly. 

20. The device as described in claim 1 9 including shut- 
tle means fixed to said optical fiber means within 
said body member; 

- helical drive means extending through said 
shuttle means and rotatably supported within 
said body means; 

- motor means for driving said helical drive 
means to move said shuttle axially; and 
means for controlling said motor means so that 
said fiber means can be moved in increments 
backwardry or forwardly. 
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